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ABSTRACT 
 
In recent years, the early deterioration of concrete structures has become a major 
problem. One factor contributing to the deterioration of infrastructure is corrosion of 
embedded steel in concrete, which is mainly caused by the ingress of aggressive agents 
(chloride ion and carbon dioxide, CO2). Concern is growing about the durability of concrete, 
which depends not only on the quality of the concrete, but also on environmental 
conditions.Despite the huge amount of data available from a variety of studies, however, only 
a little real information exists on the long-term performance of concrete. 
Based on the reason, this study undertook experimental test long-term performance of 
concrete over 50 MPa in compressive strength. Five level of strength were evaluated in order 
to measure micro-pore structure associated with the transport of aggressive agent to achieve a 
certain level of durability, evaluations were also conducted on the prestressed concrete (PC) 
sheet pile and PC beams exposed in the marine environment for long period, and durability 
design for Indonesian climate was recommended. 
The results indicate that micro-pore structure is directly affected by characteristics of 
materials (type and amount of mineral admixtures, and aggregatequality), W/B and curing 
time. For PC sheet pile, even high strength concrete, cover depth of 30 mm is not enough for 
long-term serviceability under marine splash environments, and it is predicted to be only 20-
year service life. Besides that, the use of GGBFS shows a significant reduction in the 
diffusion coefficient, which can provide a good barrier against chloride ingress and able to 
extend the service period of structures up to 65 years for 50 mmcover depth. 
Even though carbonation of the concrete did not cause corrosion of the reinforcement, 
however; it may have contributed to degradation of the cover concrete and indicating severe 
corrosion conditions for 35 years-old post-tensioned beams with 30 mm cover depth. 
Increasing in corrosion area of strands caused prestress losses up to 25% and the load bearing 
capacity dropped by 10%.In each case, it is clear that the quality of concrete and depth of 
cover to the reinforcement determines the time to corrosion activation. 
By considering Indonesian climate, a concrete cover of 70 mm with maximum w/c of 
0.35 and minimum strength of 50 MPais recommendedif using Portland pozzolan cement 
(PPC) for a service life of 50 years. 
	  
	  
	  CHAPTER 1.  GENERAL INTRODUCTION 
 
 
1.1 Research Background 
 
In recent years, the early deterioration of concrete structures has become a major 
problem. Concern is growing about the durability of concrete, which depends not only on the 
quality of the concrete, but also on environmental conditions. Laboratory studies, however, 
usually take place under highly controlled conditions, making it difficult to predict the actual 
performance of concrete in a real environment. Moreover, the various acceleration tests to 
evaluate the long-term durability of concrete are much done right now, but the results are 
sometimes not correlated with the performance of concrete in the actual environment. Despite 
the huge amount of data available from a variety of studies, however, only a little real 
information exists on the long-term performance of concrete. 
To evaluate the real durability of concrete, it is necessary to observe actual concrete 
structure over a long period. However, this is difficult to do because long-term testing 
requires the efforts and patience of many people. Thus, the evaluation is usually done using 
specimens.   
Since durability is a major concern for concrete structures exposed to aggressive 
environments, where many environmental factors are known significantly influence the 
durability of reinforced and/or prestressed concrete structure (1.2). Durability is defined as the 
ability of concrete to resist weathering action, chemical attack, abrasion, and other conditions 
of service (ACI 116R-90).  One factor contributing to the deterioration of infrastructure is 
corrosion of embedded steel.  Corrosion in reinforced/prestressed concrete is mainly caused 
by the ingress of aggressive agents such as chloride ion and carbon dioxide (CO2). 
 
1.2   Research Objectives 
 
The purpose of this research is to study the long-term performance of high strength 
concrete, focusing on concrete over 50 MPa in compressive strength, which can be applied to 
the concrete structure in the marine environments for Japan and Indonesia’s climate. The 
main objective of this research is firstly to determine the durability of concrete specimens 
under laboratory condition based on the quality of concrete to the rate of carbonation and 
diffusion of chloride ingress. Secondly, to evaluate an adequate cover depth to reinforcement 
of prestressed concrete sheet pile and the effectiveness of blast furnace slag to enhance 
chloride resistance under marine splash environments. Thirdly, to evaluate the materials 
deterioration and influence of corrosion upon the load bearing capacity of 35 years old of 
prestressed concrete beams under the real marine tidal environments and laboratory condition. 
Finally, based on the experimental results, optimal strength and adequate cover depth of 
concrete for Indonesia’s climate are discussed.  
  
1.3 Dissertation Arrangement 
 
The configuration of each chapter is shown in Fig. 1.1. The dissertation is composed of 
seven chapters described as follows: 
Chapter 1 describes the background and objectives of the current study. 
Chapter 2 describes the previous study related to durability issues at the current 
situation and the issues to be addressed in this study. 
Chapter 3 determines the quality of concrete based on characteristics of materials, 
water/binder ratio, curing time and utilization of by-product to produce high durability. Five 
levels of strength were evaluated from pore volume and its distribution relating to the rate of 
carbonation and diffusion of chloride ingress. 
Chapter 4 discusses an adequate cover depth of prestressed concrete sheet pile 
specimens which was exposed to marine splash environments for 12 years, and the 
effectiveness of blast furnace slag to enhance chloride resistance with emphasis on the rate of 
chloride ion penetration into concrete and corrosion rate of prestressing strands. Four sheet 
pile specimens with thickness of 70, 110 and 150 mm, and cover depth of 30, 50 and 70 mm, 
respectively, were evaluated to determine the time to corrosion activation.   
Chapter 5 evaluates the materials deterioration and influences of corrosion upon the 
load bearing capacity of 35 years old of prestressed concrete beams. Evaluation was 
conducted on both post-tensioned and pre-tensioned types due to combined effects of 
carbonation and chloride attack.  
Chapter 6 provides recommendations the optimal strength and adequate cover depth of 
concrete for Indonesia’s climate as a design consideration for durability, especially for 
structure in the marine environment based on results of the previous evaluation. 
Chapter 7 concludes the results of evaluation and identifies what research should be 
undertaken to improve durability of concrete structure by using local materials for Japanese 
and Indonesian climate conditions.  
 
 
 
 
Fig. 1.1 Organization of each chapter 
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